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ABSTNACT

nthe omalnoos red ngolstadr, Ba!€ a, gavefpil akes in lie vcLnrty ot twd air b6es were rnvestigaled
wrtll @specl to ihe specles su.cession ot wrnter nq watertow wilh increasing age oi biotogicatand
n ofpho ogcal parameters ot the takes. The ti6t specjes Vsit nq young tate:;ee herbiv;rous ores
searching ior lood rn lhe ltitorat zone. They were iot owed by omdwr;us dMng madophy.ieg Nert in kne
were birds dNlng ior gmunddweling animats Ttrough even on takes smaler rhan 4 ha g;eai num bes oi
b rds cou d be seen tn sonr e cases, as a rute akes had ro be targer rhan 5 ha to be aftaaive tor walertowt.
Apan lrom the srze oj a lake bnd nLmbers were inluenced by Is srrlcture and lhe anounl of tood The
mo(aroc [ "e  4avor  mar ing tarqeSraF p .  a "e>te .sa f l ranrve  to .  sdc /on  d1or lJ .  rcd . (e .no
brdstflle r sl s theirsLbdtursion bv dtes
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l{m-rade I€kes and Birdstrike Risx:
cbanqes iD tintering Bird comunities During tlle rEkes, Aqeinq

There are tso rilitary air:-bases situated in the Donaunoos, a flat
terrain i,ittr higb qroudrater tevel in cernany,s pre-alpine reqion
south of tne River Danut€ close to hgolstadt (f1g. 1t. The itu-
viatile sedinents fourd tbere consisr of hiqb-quality gravet, uttich
nakes the area interesting for Dininq conpanies. Up to the sixties
of this century, the size of the graver-pits ranked betseen a few
hundred squareretres and atEut 25 acres. Since t97or due !o nee
techniques and changes in the tegis lat ive backgr"ound,  the s ize of
Ene pr ts  rose rapid ly .  At  the hoDent ,  the ]arqest  area being under
excavat.ron covers aLnost 1000 acres, but there no uniforn lraterbodv
is belnq created,  because aspects of  f l ight -sare ly  led to tha
denand of havlng the lake subdivided by dikes (!ig. 2).
The effects of ttre creation of Dore and :0ore and lalqer and tarqer
lakes on rater foel  have been invesr igated s. ince les i  tecause wi tn
lncreasing nunbers of birds. the risk of birdstrikes increases,

2.1 Breeding b i rds
Durinq the first phase of the lakes'devetopDent the sti]l unvege-
tated sandy or gravetty banks of the pits are ideat bieedinq-places
for Litt]e Ringed Plovers {charadrius dubius ) yet tbis sDecies is
found there j.n a few speciDens only. probably due to rrequent
drsturbance by peopte dur ing the breeding season,  Sanct-Mart in
rRtpar ia r ipar la)  and Krnq! isher  (Atcedo ar th iEJ,  in  contrast  to
nost other gravel pits, do not bleed in that region ar all. The
reason is that because of tbe high groundtrater level (between 0.8
and 1.5 netres below surface) the banks are rlot hicrh and steeD
enough.
Unless accelerated by nan. the first spontaneous vegetarion { reears
and bushes ) arises on the banks and in the shaUos parts of the
lakes betrreen four and eight yea.s after the end of trle excavation
resp. ln larger pits after the creation of the first bank. prorec-
ted by the vegetation durinq this period other bird species start
colonizing the pits; in the investigared ar€a the Reed tiarbter
/Acrocephatus sc i rpaceusl  is  the character isr ic  passer ine sp€cies
wrth several  breeding pai rs  at  every larqer  p i t .
the first breeding-birds anonq eaterfowl are cresteal crebe
(Podiceps cristatus), tatlard (Anas platyrhynchos), coot (Fulica
atra) and - Duch less frequent - xoorhen (callinula chloropus) and
Little crebe (aachybaptus ruficollis). Recently. even the Grey-Iag
coose (Anser anser) becane an inhabitant of the Donaunoos - sth
constantly increasinq nunb€is. This popularion accoralinq to
SCHXAGER (1986) originated fron a fer geese released by hunrers-
Despite the biotop-structures b€ing favourable at least in parts.
Do furtber species of saterfowl nere registered breeding in any of
the pits up to now,
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2.2 tttiqtants/ wintering birds

of nuch greater inportance than breeding birds are with respect to
potenti.a] hazards for the air traffic the nigrating and uintering
birds. That is because the risk of severe collisions i:,etr'teen birds
and aircraft lncreases \rith the nunber of birds, their flicht acti-
v i ty ,  and the. i r  se jght .  ror  th is  reasoh,  specja l  a t tent ion_r , ras paiat
to the devefopnent of tbe nulbers of n-intering birds on the takes-
By the fact that the lakes neanohile reached a nagnitude that fron
a bird,s- eye vier the nere optical inpression nakes theD very
attraclive already, the Donaunoos becaDe an iEportant area for win-
tering naterfolf.

2 .2.1 Species succession

As an exaDple the ctranges of the bird-population on the lakes in
the Feilenmoos, the part closest to the anching air base, are pre-
sented in the folloring. since changeE take place slovly and step
by step, on the figures f,or a better understanding only the Etates
in 19al and those five and ter years ]ater are presented. In order
to reqlster th€ MxlBuD nurb€rs of sintering birds - because the
cause greatest risk !o flight-safety - the investigations lJere nade
at the end of Noverd)er or the beqlnninq of Deceuber, just before
the takes froze over.
the largest or)e of the lakes (in tbe south-$estern part of the
area) uas created betreen 1970 a.d 1984 sith Dinor changes ti]l
1949.  The s i te  is  about  50 ha (130 acres) ,  the naxiDu!  depth 5.5
neters. but even ln the centre of the lake, there are sballor. parts

In 1e31,  onfy Ia l tarats sere found (see f iq .  3) ,  a  b i rd species
searching for food (nainly plants, to a mibor extent sDall aniaats.
too,) on the banks o! in shallow rater up to a depth of 4a cn, Th€
Iacking of diving birds $as due !o the turbidity of the water cau-
sed by inorganic particles, b€cause this prevented a colonisatior
of the t'enthic regions by subnerqed plants, so there ras no ade-
quate food supply.
Five years later {fig. 4) [arralds sere still the nost frequent
species, yet the nunber of species nas lluch larger already. the
Pochard {Aythya ferlba) $as the first diving duck found lherer its
food consists of benthic nacrophytes and aninals. Tri,o of the !h.ee
fish-eating birds (crested crebe, comorant) chas€d thei. prey by
divinq, they profit lror the increasing transparency of the nater.
Grey-Iag Geese, thouqh takinq up their food on the surrounding
agricultural land, use the lake as a roosting place because of its
favoulable structure (islands and great distance of the centre froh
al l  lakesides)  -
Ei l1  1991 ( f ig .  5)  the nunber of  specles and indiv iduals of  d iwihg
birds had increased further because of the innense increase in
benthic orqanisDs that alrays resuLts fror acceterated eucrophica-
tion of lakes. By this tire, the zebra-nussel had been inported
into the lake. This nollusk is the nain food-source for the Tufled
Duck (Aythya fuligula) and therefore the reason for the occurrence

The north-eastern parls of tbe area had been excavated Dainly
betneen 1970 and 19a0. Yet in sone oravel-Dits th€ sorks are stilt
qo ing o} l ,  besic les new excaval ions par t ia t  rer l I l jnq of  lakes or
their subdivision by dikes takes place. TilI the end of the eight-
ies, the eater was turbid ln nost of the lakes. This hanpered or
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even comptetely prevented the developnent of su_bDerqed nacrophytes.
Because .oI  th is ,  dur inq rhat  t ine feu b i rds ont t  v is i led�  these
lakes,  the M-al laEd beinq rhe c loninant  species rsee t ig .  3 anat  41.
Durrnq the fuEther  developrent  of  rhe Iakes,  the t lansparencv ot
the sater  increased and neanehi te the bot ton of  the o lder  rake;  is
conpleEely cover€d with oacrophytes up to a depth of about 4.5
ret res.  -Tn that  veqetat ion,  qreat  nuDbers of  aquat ic  insect_ larvae
and dollusks are found, nith the consequence of an increasinq at-
tractiweness of the lakes for diving birds (coots, pocbards; s€e
f i g ,  5 ,  i n  1 9 9 3  e v e n  T u f t e d  D u c k s l ,
The Eain reason for that unusualiy fast ongoing eutrophication &d
by that  lhe devetopDent  or  a food-chain wi ih  ;quat ic 'b i rds at  t } |e
end,  rs  the use of  the lakes as r ish ing-qrounds r i th  rhe retease of
an inadequate aBount of fish. To have trre tisrres gro1{. the fisher-
nen either feed i.-hen or fertitise the oater. rlotli re;utting in an
lncrease of ttre tropbic srale of tne saEer.

2.2.2 Bi rd nu.nbers

Besides the lakes nent loned above,  several  orher  ones vere invesl i_
gated in  the Donaunoos {3? a l together) .  on th is  basis ,  6D at tenDt
was Dade to corretate nurb€rs of nintering birds wittr tbe size ;f
the takes.  in  a s in i lar  way as RErcHf loLF (1990) d id lor  Mn-Eade
lakes ln  the Erdinger  Moos and rhe region rest  ot   unich-
.rg. 6 shows the dependence between the naxibuE bird nueber (n) anal
the lakes. surface (F). The correlation can be trescribeal r,y the
forhula n = 10.16f - 29- That neans up to a size of about 

_3 
ha,

tbere is  l i t t le  chance only that  b i rds cohsicter  a take to b€
rnterestrng enough to search tor  food o!  rest  on i t .
Because of  the par t ly  e ide d isp€rs ion of  b i rd nulbers there ar ises
lhe question about lhe reasons for extrehe d.iscrepancies b€tpeen
the nuhbers.  tound in real i ty  and the expected varu;s accoraUhg to
Ene Eegressron,
REICIIHoLF {1990) interpreted his resutts in that ray, that rderety
the tiophic state and the size of a lake but not trre structure ari
responsibte for its attractiveness for birars. h cont.ast to thar.
th€ iesults of the investigations in rhe Donaunoos reveat that eve;
the structure is a decisive factor influencing birar nullErs.
If the nunbers are by far higtrer rhan on "av-raEe" rakes (see- rlo.
l to 5 on fig. 6) this, as a rute, is tbe result of an extraorati-
nary gooal food-suppty. I-ake no. 2 ser:ved as a receiving irater for
the serage treatment ptant of a snatt virtage for decades. rhere-
fore the bot ton is  densely popurated by chj ronoDids and Tubi fex.  rn
take no.  4,  the tot ton is  cohpletety covered wirh ceratophyt lw
sl th up to t70o water-snai ls  t . iv ing there per  D: .  Because of  tne
lon depth (4.2-4,5 ret les)  th is  enoreous] t  . ich food
easily b€ reached by diving birds, Lake no.- 5 is situateal right on
the outsklrts of a larger town and therefore arespite of its size it
has th€ character of a pond in a park lrth the birds being fear
thet:e by people. Prevailing species on that lake sere those a;cus-
tored to the presence of Dan: I,laflard, Coo! and i{ute Sran.
Yet ln sone cases the reasons for biqh bird densities renain
unkno*n (take no. r and 3) if anonq a hoDogeneous group of Lakes
sone ale vistted by ftocks of birds {hile on the orhers there are
no birds at a1!.
Belou average are b i rd nuobers,  apar t  f ro la p i ts  s t i l l  under excava-
t ron and therefore wi th in tensive d is tu lbances,  i f  e i ther  the ,ater
is iade turi,id by inorganic natter (take no. 6) or if rbe shaDe of
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the lake is unfavoulabte, as i! is the case elth lake no. 7 in an
extrene !ray. The latter Iake is long and narrot, so trle distance of
no part of tbe surface is greater than loo n froD the closest bank.
This obviously is adverse to the birds? need for safetv and so they
avoid landi.g ther€- (That is ehy lakes sraller than about 4 ha {10
acres) are not very attractive for birds.) on larger lakes 1 obser'
ved, trrat, if people approacbed a bank, ducks and other raterforl
slran to a dlstance of atout L5o r from that Place. sitlce they rould
be too close to another bank vitt| potential hazards if the did so

take. they avoid such Lakes rbenewe! possibte.

Ihe investigations about tbe succession of eaterfotl on Dan_trade
lakes reveal, that sinqle birds visit the ]akes alteadv a short
tiDe after their conpletion, larqer lakes even thile th€v are under
construction. let not earlie! than about five vears after the end
of an excavation the colonization of the lake by suhterg€d veqeta-
tion is tbat dense that it - together eitb the inhabiting loeer
aninals - can be the food source for a bird population rich in sPe-
cies and individuals.
The firs! species visiting a lake in search for food are dabbling
dtlcks (food-uptake in the littoral zone)' ahev are follorred bv
div ing specie i  e i lh  a decreasinq percentaqe of  ph)" togenic food.  The
last ;pe-cies appearinq are those that feed exclusivelv on b€nthic
aniDala, ehich in turn are the organisns that do not colonize the
lake's bottor in sufficient nurbers unless the take has reached at
Ieast a nesotropic stat6.
First appearance anat nurbers of fisb_eating bird sPecies horever
are n" iiaicators for a certain stase or succession in a laxe since
alevelopnent, species conposition. and density of fisb in alDost all
cases is the result of artificial neasures.

As soon as the size of lakes exceeds the rrthreshold valuert of about
4 ba (10 acres), lhe nurbe! of birds increases quite sleadily tith
ind:easing lake-size. But apart fron the size, the structure an the
trophic siate influence bird nurb€rs, to a certain extent tbe fat-
ter is the nost important factor, because the available aDoat of
food depends on it-
stnctural paraneters that influenc€ bird nurt'ers and thus cause
deviations frod tne expected value fot resotroPbic lakes glw€n bv
the ledression, are
- rate; depth- rt has a positive effect, if it is tbat lor', that

the benthic region lies nithin lhe euPhotic zone coepletelv or at
least to a najor part. In this case Dacrophvtes can grov tnere
and the botton can easiry !€ reached bv diwing itatetfor,l.

- the shape. It has a neq;tive influcence, if the distance betlJeen
the cenire of a lake ;nd its banks is shorler tltan the fligbt
ctistance of the bircls, that neans if the ]akes are narroe. (Ehis
fact is used to reduce bird nuDbers and thus the birdstrike-risk.
if it is not possible to P.event excavations in tbe wicinity of
airfields. rn lrris case larger excavation ar€as are suHivided by
atikes to create several less attraktive sDatl lakes instead of a
large one -  see f ig .2. )
On the other hand lakes that have a too lon trophic state or are
too aleep to seive as feetting qrounds, can be atttactive roosting
places if ttre surface is large enough to satisfv the birds' need
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f o r ,  s a f . e t y .  I  I n  L h i s  c a s e  p e r i o d ) c a . L �  r q h t s  t a k e  p l a c e  t e t w e e n
sucn a ra l<e 8nd the leeding qrounds.)

l l l9HHot l ,  J .  ( leeo) :  untersuchunsen uber d le Besiedruns von k i rnst_
ucnen ceo5ssern (Kies-  und sandabgraburge,  )  durch wassenirqet .
Vogel  u.  ruf tverkeht  Lo l2) ,  a6-9?
sCHl{AeER, P.  (1986):  Dj .e voget  a les Donaunooses.  An2.  orn.  ces.Bayern 25,  207-2!6-
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FIGURE 1. Thc Donaumms rea. Ingol*adt'Bavo.r! $,ih Nlanching and Neubue.Anbase
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FICLTRE 3. \l'in!e.jns\!.r€rtoqt 0n crd!€l pr Lak€s.ear Ma.ching Airbase i,1981

FIGtmX !. Wint€.ing \\ ai€rft$t o, cra!€t prr Ldkes near Manctrins Ar.ba* m l 986
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FIGLTRD 6. Con.latior Bctreen th! Size of Man nade Lakes (F) and Nl*imum Nmb€fs of
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